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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIFnON 



[Detailed Description of the bivention] 
[0001] 

[The technical field to which inventton belongs] this invention relates to the manufacture 
method of a semiconductor that a GaAs layer can be made to express conq>letely especially, 
about the manufacture method of the semiconductor device containing a GaAs layer and the 
InGaP layer formed on the aforementioned GaAs layer. 
[0002] 

[Description of the Prior Art] Drawing 2 is drawing having shown the layer structure of an 
example of a semiconductor device. The n-GaAs layer 9, the pf GaAs layer 8, the n-IhGaP 
layer 6, and the n+InGaAs emitter cap layer 5 are formed one by one on the S.LGaAs 
substrate 10» and this semiconductor device is a kind of a heterojunction type bipolar 
transistor (it is hereafter written as "HBT*.). By the manufacture nnethod of HBT containing 
an InGaP layer, conventionally For example, the page 191 of a proceeding of an International 
electron device meeting, The 36th volume of the Japan journal OBU applied physics As 
shown in 1799 pages of No.3B The solution which mixed water with the hydrochloric acid or 
the hydrochloric acid at a rate of 3:2 when perfbnning selection wet etching of InGaP/GaAs 
(it is hereafter written as "HC1+H20".) The sohition which mixed HCl and phosphoric acid at 
a rate of 1: 15 (it is hereafter written as HC1+H3P04".) It is used. 
[0003] The thin film made in InGaP **********s with a HCl sohition, and with a HCl 
solution, since it hardly ♦♦♦♦♦♦♦♦♦♦s, the thin film of InGaAs or GaAs can ********** 
alternatively only the InGaP film stacked on the GaAs film. 

[0004] la HBT which used InGaP for the emitter layer, as shown in drawing 2 , the stmcture 
where the n-InGaP layer 6 used as an emitter was stacked on the p+GaAs layer 8 used as the 
base is takea In order to fbnn the low base electrode of base resistance, in this HBT, it is 
necessary to delete the n4'InGaAs emitter cap layer 5 and the n-InGaP layer 6 in part, to make 
the pf GaAs layer 8 which is the base express certainly, and to form an electrode on it. 
[0005] In order to make this pf GaAs layer 8 express, after removing the nf InGaAs emitter 
cap layer 5 by selection dry etching or the wet etching by the etching reagent of a phosphoric 
acid system, it is carried out by removing the n-InGaP layer 6 by the selection wet etching 
using HCl, HC1+H20, and HC1+H3P04. The n-InGaP layer 6 has the feature that removal 
can renaove eye a possible hatchet and the pf GaAs layer 8 by selectk>n wet etching, without 
hardly **********m g , 
[0006] 

[Problem(s) to be Solved by the Invention] However, with the structure of HBT shown in 
drawing 2 , since the pfGaAs layer 8 cannot be made to express completely even if it carries 
out selective etching of the n-InGaP layer 6 by HCl, HC1+H20. and HC1+H3P04, in order to 
make the pfGaAs layer 8 express, base resistance will become high. The reason is because 
the n-InGaAsP layer 7 is fom^d between die pf GaAs layer 8 and the n-InGaP layer 6, as die 
change of As and P in the case of thin film growth shows in fact eye a difHcult hatchet at 
drawing 1 1 . This n-InGaAsP layer 7 is hardly unremovable in HCl, HC1+H20, and 



HC1+H3P04. InGaAs is partially contained in the n-InGaAsP layer 7. and this is because this 
,InGaAs cannot etch in these etching reagents. It will become inrpossible for this reason, to 
make the p+GaAs layer 8 express con^letely. this invention is made in view of the 
aforementioned technical problem, solves the above-mentioned problem, and aims at oftering 
the manufacture method of a semiconductor device that a pf GaAs layer can be made to 
express certainly. 
[0007] 

IMeans for Solving the Problem] The manufacture method of the semiconductor device of 
this invention is the manufacture method of the semiconductor device containing a GaAs 
layer and the InGaP layer fonned on the aforementioned GaAs layer, and is characterized by 
having the 1st process which ♦♦♦♦♦♦♦♦♦♦^ ^ i^GaP layer by the 1st etching reagent, and the 
2nd process which **********s by the 2nd etching reagent which can etch InGaAsP. Since 
such a manufacture method of a semiconductor device is a mettod of having the 2nd process 
which *»********s by the 2nd etching reagent which can etch InGaAsP, it can ********** 
the n-InGaAsP layer produced by the change of As and P in the case of thin fihn growth, and 
can make a pfGaAs layer express certainly. Therefore, base resistance can be made low. 
[0008] In tte manufacture method of the above-mentioned seniiconductor device, it is 
desirable for the 2nd etching reagent to be HCl containing an oxidizer. Moreov^, it is 
desirable for the aforementioned oxidizer to be H202. The n-InGaAsP layer which hiGaAs 
and InGaP mixed in the 2nd process by considering as the manufacture method of such a 
semiconductor device can be etched now. That is, InGaAs can also ********** to HQ which 
can ********** InGaP simultaneously with InGaP as the 2nd etching reagent by using what 
added H2Q2 which are an oxidizer. At this time, etching of InGaAs is oxidized by the 
oxidizer, considers as an oxide, and is performed by removing the oxide by HCL 
[0009] Moreover, in the manufacture method of the above-noentioned semiconductor device, 
it is desirable for the 2nd etching reagent to have the same etching rate to InGaAs and 
hiGaAsP. hi case a n-InGaAsP layer is ♦♦**»*****ed, it beconaes possible by adjusting HCl 
of the 2nd etching reagent, and tte mixing ratio of H202, and making the etching rate to 
InGaAs and InGaP the same to obtain the etching rate independent of the distribution of As 
and P in a n-InGaAsP layer, by using such 2nd etching reagent, the distribution of As and P in 
a n-InGaAsP layer is changed sharply locally, though there is a portion which an InGaAs 
component or an InGaP con^nent concentrates, etching nonuniformity cannot arise, and it 
can be uniformly [ high ] alike, and a n-InGaAsP layw can be ♦♦********ed 
[0010] Moreover, in the manufacture method of the above-mentioned semiconductor devfce, 
it is desirable for the 1st etching reagent to be a hydrochtoric acid or hydrochbric-acid 
sohition. By considering as the manufacture method of such a semicpnductor device, a flat 
front face equivalent to the finont face in fiont of the 1st process can be obtained after the 1st 
process. 
[0011] 

[Embodiments of the Invention] Next, the gestalt of operation of this invention is explained in 
detail with reference to a drawing. The manufacture method of the semiconductor of this 
invention is a method of having the 1st process which ♦♦********s an InGaP layer by the 1st 
etching reagent, and the 2nd process wWch **********s by the 2nd etching reagent which 
can etch InGaAsP. At the 1 st process, the n*InGaAsP layer 7 which produced the n-InGaP 
layer 6 in drawing 1 i according to the 2nd process which **********s alternatively and 
continues at the time of a switch of As and P is **********ed. 

[0012] [Operation gestalt of 1st] drawing 1 is a flow chart for explaining the manufiEicture 
method of the semiconductor device of the 1st operation gestalt of tfiis invention. In drawing 
1 , a sign 1 shows the 1st process which etches by the 1st etching reagent which is mixed 
liquor of HCl and H20, and the sign 2 shows the 2nd process which etches by the 2nd etching 



reagent which is mixed liquor of HCl, H3P04, H202, and H20. 

\[0013] In order to nmuiufacture the semiconductor device shown in drawing 2 , the n-GaAs 
layer 9, the pH-GaAs layer 8, d>e ri-InGaP layer 6, and the n+InGaAs emitter cap layer 5 are 
fffst fonned on the S.LGaAs substrate 10. Even if it optimizes the conditions at the time of 
thin film fabrication at this time, it surely generates and the n-InGaAsP layer 7 shown in 
^^^u^g [[ ^ width of face of 20 to 200A according to conditions. In order to reduce an 
emitter resistance, it is desirable to connect smoothly the conduction band of the n-InGaP 
layer 6 which is an emitter, and the p+GaAs layer 8 which is the base. For that purpose, it is 
more suitable to cancel band discontinuity by forming the n-InGaAsP layer 7. Therefore, it is 
desirable to form the n-InGaAsP layer 7 lOOA or more fix)m a viewpoint which loses band 
discontinuity. Then, the n+InGaAs emitter cap layer 5 is **********eci using the efficient 
consumer response equipment using chlorine gas etc., and it is manufactured after that by 
performing die 1st above-mentioned process and the 2nd process one by one. 
[0014] At the 1st process, in order to ♦****♦♦**♦ the n-InGaP layer 6 alternatively, the 1st 
etching reagent which consists of HC1+H20 is used. Etching using this 1st etching reagent 
stops in the n-InGaAsP layer 7. since this 1st process has selectivity, it can be boiled 
uniformly [ high ] and can make the n-InGaAsP layer 7 express 

[0015] Since the n-InGaAsP layer 7 is what InGaAs and IhGaP are mixmg, the 2nd etching 
reagent used at the 2nd process can delete both InGaAs and InGaP. Are ** [ HCl ] the InGaP 
con^wnent in an InGaAsP layer, H34 and POH202 ********** [ an InGaAs con^wnent ], 
and the front fiace of the p+GaAs layer 8 can be taken out with etching xising the 2nd etching 
reagent which is mixed liquor of HCl H3P04, H202, and H20. 

[0016] In order to take out the front face of the pfGaAs layer 8 with sufficient horaogeneity 
after the 2nd process, it is desirable for the etching rate of InGaAs and InGaP to be near. Only 
InGaAs in which the etching rate of the 2nd etching reagent in the 2nd process was partially 
formed in the n-InGaAsP layer 7 when the InGaAs was quite earlier as con^)ared with InGaP 
is deleted alternatively, and the portion of InGaP remains alternatively and it becomes 
inqwssible for example, to delete the n-IriGaAsP layer 7 uniformly. Although the percentage 
of As and P in the n-InGaAsP layer 7 is dependent on growth conditions, such as how to 
switch As and P, if it is made for the etching rate of InGaAs and InGaP to become the same, 
the etching rate of the n-InGaAsP layer 7 will not be dependent on the percentage of As and 
P. 

[00 17] Drawing 6 is the graph which showed the relation with the etching rate to the ratio of 
concentration to H202 and InGaP of HCl, and InGaAs in the 2nd etching reagent. As for die 
etching rate to InGaP and InGaAs becoming almost the same from drawing 6 , it turns out that 
the ranges of HCl and the ratio of H202 are 30:1-50:1. Therefore, it is suitable if it is between 
HCLH3PO4:H2O2:H2O=30:4: 1 :90-50:4: 1 :90. 

[0018] Here, die rate of H3P04 and H20 is set up so that H3P04:H202:H20 which is the 
same mixing ratio as the etching reagent of the phosphoric acid system used for etching of 
GaAs may be set to 4: 1:90. Therefore, when the ratio of H3P0 4 andH202 is changed, the 
optimum ratio of HCl and H3P04 also changes. 

[0019] The 2nd etching reagent mixed at arate of HCl:H3PO4:H2Q2:H2Os40:4:l:90 
becomes the etching rate of 4-6A/sec to InGaAsP. The etching rate of this 2nd etching reagent 
does not depend on the distribution of As and P, but has the advantage of being fixed. It 
becomes possible to be able to decide on etching time from the thickness of the n-InGaAsP 
layer 7 sin^jly, and to control correctly the anwunt of over etching of the p+GaAs layer 8 by 
this like the n-InGaAsP layer 7 produced by the change of As and P, even when the 
distributbn of As and P is not fixed in the iihn. 

[0020] Although it is dependent also on the growth conditions of a thin film layer, since the 
thickness of the n-InGaAsP layer 7 is in the range of about 20-200 A, it should just perform 



etching for 25 to 50 seconds. In order to investigate whether it **********ed to the i>KjaAs 
» layer 8 which is the base, it can judge by contacting the needle of platinum on 2 
semiconductor front face, and investigating the volt ampere characteristic of two terminals. 
Theretbre, once it investigates etching time required of the 2nd process, unless the gmwth 
conditions of a thin film will be changed, surface **♦* of the p+GaAs layer 8 can be 
performed easily. 

[0021] In addition, although selection wet etching of InGaAsP/GaAs cannot be performed at 
the 2nd process, it is satisfactory practically. Since it is quite thin as compared with 800A 
whose thickness of the n-InGaAsP layer 7 is the thickness of the p+GaAs layer 8, even if it 
**********s the place whose actual thickness of the n-InGaAsP layer 7 is lOOA with a 200A 
intention, the amount of over etching is because it is small enough at nwst in lOOA as 
compared with the thickness of the p+GaAs layer 8. 

[0022] SiQce such a manufacture method of a semiconductor device is a method of having the 
2nd process which **********s by the 2nd etching reagent whKh can etch an InGaAsP layer, 
it can the n-InGaAsP layer 7 produced by the change of As and P in the case of 

thin film growth, and can make a pfGaAs layer express. Therefore, base resistance can be 
made low. 

[0023] Moreover, it becomes possible by adjusting HCl of the 2nd etching reagent, and the 
mixing ratio of H202, and mddng the etchkig rate to InGaAs and InGaP the same to obtain 
the etching rate independent of the distribution of As and P in the n-I|iGaAsP layer 7. by 
using such 2nd etching reagent, the distributk>n of As and P in the n-&iGaAsP layer 7 is 
changed sharply locally, though ttere is a portion which an InGaAs component or an InGaP 
component concentrates, etching nonuniformity cannot arise, and it can be uniformly [ high ] 
alike, and the n-InGaAsP layer 7 can be ♦♦♦♦♦*****ed 

[0024] [Operation gestalt of *♦ 2nd] drawing 3 is the ftow chart which showed the 
manufacture method of the semiconductor device of the 2nd operation gestalt of this 
inventioa The place where the 2nd operation gestalt of this invention differs from the 1st 
operation gestalt is just going to use the 1st etching reagent which consists of HCl instead of 
the Ist etching reagent which consists of HCl and H20 in the 1st process 3. 
[Operation gestalt of ♦* 3rd] drawing 4 is the flow chart which showed the manufacture 
method of the semiconductor device of the 3rd operation gestalt of this invention- The place 
where the 3rd operation gestalt of this invention differs from the 1st operation gestalt is just 
going to use the 1st etchmg reagent which consists of HQ and H3P04 instead of the 1st 
etching reagent which consists of HCl and H20 in the 1st process 4. 
[002S] [Operatk}n gestalt of 4th] drawing 5 is the flow chart which showed the 
manufacture method of the semiconductor device of the 4th operation gestalt of this 
inventioa The place where the 4th operation gestalt of this invention differs from the 1st 
operation gestalt is just going to use HCl, H202, and the 2nd etching reagent that consists of 
H20 instead of the 2nd etching reagent which consists of HCl, H3P04, H202, and H20 in 
the 2nd process IL 

[0026] The place where the Sth operation gestalt of a [operation gestalt of Sth] this 
iuvention differs from the 2nd operation gestalt is just going to use HCl, H202, and the 2nd 
etching reagent that consists of H20 in the 2nd process. 

The place where the 6th operation gestalt of a [operatton gestalt of ** 6th] this invention 
difl^ fix)m the 3rd operation gestalt is just going to use HCl, H202, and the 2nd etchiog 
reagent that consists of H20 in the 2nd process. 

[0027] Next, an exanq>le is shown and this invention is explained in detail 
(Exan^jle 1) The iH-InGaAs cap layer 5 was *****«****ed with the efficient consunoer 
response equipment using chlorine gas, and the n-InGaP layer 6 was made to express in the 
diaphragm structure of HBT shown in drawing 11 . Subsequendy, it etcl^d, using the solution 



which mixed HCi and 1120 by 3:2 as the 1st etching reagent (the 1st process). The etching 
. rate to InGaP of this 1st etching reagent is 20A/sec, and most GaAs(es) do not ♦♦***♦****. 
Then, it etched, using the solution which mixed HCI H3P04, H202, and H20 by 40:4: 1:90 
as the 2nd etching reagent (the 2nd process). 

[0028] (Conventional example 1) After making the n-InGaP layer 6 express like an example 
U it etched, using the solution which mixed HCI and H20 by 3:2 as an etching reagent. 
(Conventional exanple 2) After making the n-InGaP layer 6 express like an example 1, it 
etched, using the solution which mixed HCI and H3P04 by 1 : 15 as an etching reagent. 
[0029] It evaluated by peribraiing the following examinations about the manufacture method 
of the semiconductor device of an example 1, the conventional exanq)le 1, and the 
conventional example 2. 

[0030] In the [state of fiont face of n-InGaAsP layer] exan^)le 1, the state of the fiont fece of 
the n-InGaAsP layer 7 was investigated after the 1st process end using the atomic force 
microscope (AFM). Consequently, the RMS roughness value was lOA, as compared with 12A 
which is the value of the n-InGaP layer 6 before performing the 1st process, it was ahnost 
changeless, and the front lace was flat 

[0031] In the [volt ampere characteristic] example 1, to the front face of the n-InGaP layer 6, 
two needles of platinum were contacted and 2 tenninal property when applying voltage 
between two needles was evaluated after the 1st process end Moreover, it evaluated similarly 
to each front face of the semiconductor device obtained by the exanq)le 1, the conventional 
exanq)le 1, and the conventtonal example 2. As a result of being the fix)nt face of the n-InGaP 
layer 6 at drawing 7 , the result of the conventional example 1 is shown in drawing 9 , and the 
result of the conventional example 2 is shown for the result of an example 1 in drawing 8 at 
drawing IQ . Moreover, in dmwing 7 - drawing 10 , voltage (proof pressure) in case current 
lOmicroA Fbws is shown in Table 1. 
[0032] 
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[0033] In drawing 7 - drawing 10 , the horizontal axis shows voltage and the vertical axis 
shows current The standup of current is produced under the influence of the Schottky barrier 
produced by having contacted the semiconductor and the metal Since the thickness of the 
Schottky banier becomes thin and a tunnel current increases so that a semiconductor front 
face is high carrier concentration, current becomes easy to ftow. And when the p+GaAs layer 
8 has expressed on the front face, it starts, voltage is set to OV, and the volt anq)ere 
characteristic becomes linear. 

[0034] As for the influence of the Schottky barrier, carrier concentration seemed to be shown 
in drawing 7 in the low sake greatly, the current started, and the voltage of the n-InGaP layer 
6 was quite as high as more than 6V. 

[0035] It turns out that the current of an example 1 starts, voltage is OV mostly, the current- 
potential property has become a straight line by drawing 8 , and the p+GaAs layer 8 which is 
the base has e;q>ressed completely. 



[0036] On the other hand, from drawing 9 , in the conventional example 1, since etching has 
stopped on the front face of the n-InGaAsP layer 7, ctirrent started and voltage remains 2 V 
grade. Moreover, in the conventional example 2, current starts and drawing 10 shows vohage 
having fallen to about IV and ♦********»ing in a part of n-InGaAsP layer 7 by adding 
H3P04 to HCl However, in the conventional example 2, since it starts even if it increases 
etching time, and voltage does not change, a part of front face of the n-InGaAsP layer 7 
oxidizes lightly by the dissolved oxygen of the minute amount contained in the solution, and 
it is considered to have ♦♦******«*ed. 

[0037] Moreover, by ♦♦♦♦♦♦♦•♦•ing the n-InOaP layer 6 by HCl shows that current flows 
well from drawing 7 - drawing 10 . Moreover, by processing by HC1+H3P04 shows 
approaching the p+GaAs layer 8 in 2 terminal property whose processing front face it leaves, 
riser voltage is small and is a base layer more. This shows that only a few can etch the front 
face of the u-InGaAsP layer 7 by adding H3P04 to HCL 

[0038] From Table 1, pressure-proofing of the front face of the n-InGaP layer 6 was 7.6-8.0V 
Since the n-InGaP layer 6 ♦♦♦♦******s, although pressure-proofing decreases in the 
conventional exa£iq)le 1 and the conventional exanfiple 2, it turns out in the conventional 
example 1 that it is set to 3V, and it is set to 1.4V and does not ***♦**♦♦♦* in the 
conventional example 2 to the p+GaAs layer 8 which is the base. On the other hand, in the 
example 1, it turns out that it is small and the jH-GaAs layer 8 is removed nearly completely 
with 0. IV. 
[0039] 

[Effect of the Invention] Since the manufacture method of the semiconductor device of this 
invention is a method of having the 2nd process which ♦*********s by the 2nd etching 
reagent which can etch InGaAsP, it can *♦**♦♦*»*• the n-InGaAsP layer produced by the 
change of As and P in the case of thin film growth, and can make a p4-GaAs layer e;q>ress 
certainly, as explained above. Therefore, base resistance can be made low. 
[0040] Moreover, it becomes possible by adjusting HCl of the 2nd etching reagent, and the 
mixing ratio of H202, and maldng the etching rate to InGaAs and InGaP the same to obtain 
the etching rate independent of the distribution of As and P in a n-InGaAsP layer, by using 
such 2nd etching reagent, the distribution of As and P in a n-InGaAsP layer is changed 
sharply locally, though there is a portion which an InGaAs conponent or an InGaP 
conq)onent concentrates, etching nonuniformity cannot arise, and it can be uniformly [ high ] 
alike, and a n-InGaAsP layer can be ****«»****ed 

CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the semiconductor device characterized by having the 
1st process which is the manufacture method of the semiconductor device containing a GaAs 
layer and the InGaP layer formed on the aforementioned GaAs layer, and •♦♦*****»*s an 
InGaP layer by the 1st etching reagent, and the 2nd process which ♦♦♦♦♦♦♦♦♦*s by the 2nd 
etching reagent which can etch InGaAsP. 

[Claim 2] The manufacture method of the semiconductor device according to ckum 1 
characterized by the 2nd etching reagent being HCl containing an oxidizer. 
[Claim 3] The manufacture naethod of a semiconductor device according to claim 1 or 2 that 
the aforementioned oxidizer is characterized by being H2Q2. 

[Claim 4] The nmufacture method of a senoiconductor device according to claim 1 to3 that 
the 2nd etching reagent is characterized by having the sanoe etching rate to InGaAs and 
InGaAsP. 

rCUum 51 The manufacture noethod of a semiconductor device according to claim 1 to 4 that 



the 1st etching reagent is characterized by being a hydrochloric acid or hydrochloric-acid 
^lution. 



[Translation done.] 



